Introduction
The auditory evoked N100 response to monaural acoustic stimuli is stronger and earlier contralaterally than ipsilaterally both in the electroencephalogram (EEG) and the magnetoencephalogram (MEG). [1] [2] [3] [4] [5] It was also reported that the middle-latency Pa component shows a contralateral dominance. 6 To what extent is auditory input processed contralaterally when two stimuli are presented concurrently to the two ears? Behavioral and patient studies 7, 8 have suggested that ipsilateral pathways are strongly inhibited during dichotic listening: each stimulus would be first treated by the contralateral hemisphere and then transferred to the ipsilateral one via the corpus callosum. The few electrophysiological studies of the auditory responses to non-verbal dichotic stimuli in normal subjects have mainly focused on the mismatch negativity (MMN) component 9, 10 or the late responses arising around 300-500 ms. 11 The present MEG study aimed to determine whether strong inhibition of the ipsilateral pathways would occur during passive dichotic listening of pure tones of different frequencies. If this were so, one could expect that the supratemporal sources of the evoked N100m response would mostly depend upon the stimulus delivered to the contralateral ear. In particular, for a given frequency in one ear, the contralateral N100m (dipole position, orientation and moment amplitude) should remain stable as the frequency in the other ear varies.
Materials and Methods

Subjects and stimuli:
Ten healthy right-handed subjects (six males and four females, aged 20-29 years) were studied. Stimuli were pure tones of 50 ms duration including 3 ms rise and fall times (Hanning window). The hearing threshold was determined independently for each tone and each ear. Subjects watched a self-selected movie, paying no attention to the sounds, which were delivered in a random order at 64 dB above threshold, with a random interstimulus interval ranging from 0.8 to 1.2 s. In the following, f l and f r refer to frequencies of left and right stimuli, respectively. Sounds will be referred to as concurrent when f l does not equal f r , and identical otherwise.
Nine pure tone stimuli were used (see Table 1 ): In conditions 1-5, f l was maintained at 4000 Hz, while f r varied from 500 to 4000 Hz. Conditions 6-9 contained the same pairs as in conditions 4-1 but were reversed between the ears.
Data acquisition:
The MEG signals were acquired with a Neuromag™ 122-channel whole-head magnetometer measuring two gradient components ( ¶B z / ¶x and ¶B z / ¶y) of the magnetic field at 61 locations (the z direction being normal to the local helmet surface). In 8 of the 10 subjects, one electrode was also placed on the midline between Fz and Cz, and referenced to the nose. The analogue filter bandwidth was 0.03-160 Hz, the sampling rate 500 Hz, and the 500 ms analysis period included a 100 ms prestimulus baseline. Trials with horizontal or vertical EOG signals exceeding 100 V or any MEG signal exceeding 3000 fT/cm were rejected from averaging.
Data analysis:
The data were digitally low-pass filtered at 30 Hz. Both mapping and dipole source localization (spherical head model) were performed. The magnetic field gradient norm (i.e. the norm of the vector {␦B z /␦x, ␦B z /␦y}) was mapped using spherical spline interpolation 12 by fitting a sphere to the coil positions and orthogonally projecting the coils onto it. The peak latency and amplitude of the N100m were measured from these time-varying maps. A local sphere was fitted to digitized scalp points over each hemisphere; the center of each sphere served as the spherical model origin. In each hemisphere, the N100m source was estimated by a moving dipole procedure at the latency corresponding to the highest map amplitude, using 34 channels covering the temporal region. Dipoles with goodness-of-fit values (GOF) lower than 70% were discarded from further analysis.
Statistical analysis was performed by means of the non-parametric Quade test, using the a posteriori Conover 2´2 comparison. 13 
Results
In both hemispheres, no significant differences in N100m latencies and dipole location and orientation parameters could be found with respect to the stimulus type. However, significant effects on the N100m amplitude were observed. The N100m dipole strength was much stronger (p < 0.0001) over the right hemisphere than over the left, regardless of the stimulus type (concurrent or identical). On average, the left vs right dipole strength ratio was 47%. Surprisingly, one subject showed almost no N100m response on the left side, so that neither amplitude analysis nor modeling could be performed. Furthermore, as shown in Fig. 1 weaker as the difference diminished (condition 5). This phenomenon was very significant over left (p < 0.0001 for amplitudes and p = 0.0017 for dipole strength) and right (p < 0.0001 for amplitudes and dipole strength) hemispheres, and also in EEG data (p < 0.0001). GOF values followed the N100m signal-to-noise ratio, being higher over the right hemisphere than over the left, and higher for concurrent than for identical tones.
It is important to note that the N100m in the hemisphere contralateral to the fixed frequency (4000 Hz) decreased as the frequency in the other ear increased. This contradicts the initial hypothesis predicting that N100m in each hemisphere would be independent of the ipsilateral stimulus.
The N100m amplitude varations could be explained by the following: as the interaural frequency difference increases, the overall spectrum of the binaural stimulus becomes broader, possibly recruiting a greater number of active cells in the auditory cortex. If this were the case, a complex containing two frequencies (500 + 4000 Hz) presented identically to both ears should evoke N100m responses similar to those elicited by two concurrent pure tones (500 Hz in one ear and 4000 Hz in the other).
To test this assumption, a complementary experiment was conducted in seven subjects using stimuli described in Table 2 . Recording and analysis procedures were unchanged. We found that the N100m in both hemispheres was also affected by the stimulus type (left: p = 0.006 for amplitudes, p < 0.05 for dipole strength; right: p < 0.0001 for both; (Fig. 2) . The N100m was weaker for the identical pure tones (conditions 1 and 2) than for the identical complex tones (condition 3), which in turn produced a weaker response than a pair of concurrent different pure tones (conditions 4 and 5). These differences were significant over the right hemisphere (p < 0.02 for amplitudes; p < 0.03 for dipole strength) except between conditions 2 and 3. Over the left hemisphere the results were less clear, for only the following differences were significant (numbers within brackets refer to the N100m values of the corresponding 
Discussion
The initial goal of this study was to test whether the N100m responses would reveal inhibition of the ipsilateral pathways during passive dichotic listening. The main experiment reveals that, in each hemisphere, the N100m strongly depends on the ipsilateral frequency when the contralateral frequency is kept unchanged. However, as can be seen from the V-shaped curves of Fig. 1A and B, over each hemisphere N100m variations tend to be stronger (curve slope 52% steeper on average, p = 0.2) when the contralateral sound varies than when the ipsilateral sound varies, suggesting that each cortex is somewhat more activated by the contralateral sound. In any case, the N100m strongly depends on both ipsilateral and contralateral stimuli. This suggests that, at the N100m latency, either the ipsilateral pathways were not strongly inhibited or that acoustic information has already been transferred to the ipsilateral hemisphere via the corpus callosum.
Our finding that the N100m is stronger over the right hemisphere is consistent with previous MEG 14 and EEG 1 data showing right hemisphere predominance for monaural pure tones and with EEG data indicating a stronger MMN over the right hemisphere for dichotic pure tones. 10 This asymmetry can be related to PET findings showing activation asymmetries favouring the right hemisphere for tonal processing. 15 It might also stem from cortex orientation differences between hemispheres.
Human evoked responses to dichotic tones
We studied how the N100m response depends on the level of binaural disparity. Surprisingly, in the complementary experiment, the N100m response to the complex tones (500 + 4000 Hz) was significantly weaker (by about 25%) than those corresponding to a dichotic pair of concurrent pure tones (500 Hz in one ear and 4000 Hz in the other). This might have two possible explanations. First, two-tone suppression 16 might occur at the cochlear level, resulting in inhibition of a number of fibers in the auditory nerve. However, because 500 and 4000 Hz are quite distant frequencies within the human audible spectrum, and are presented with the same amplitude in the complex 500 + 4000 Hz, two-tone suppression alone might not account for the observed 25% decrease of the N100m. In particular, we suggest that cortical mechanisms might also take place.
It is known that the primary auditory cortex of the cat houses binaural column strips tuned to characteristic frequencies, forming a caudo-rostral tonotopic map. 17, 18 In the orthogonal direction, cells are arranged in strips that differently respond to binaural stimuli. While most cells are excited by a contralateral stimulus, some of them (EE type) are even more easily excited by a simultaneous ipsilateral stimulus, while some other (EI type) are inhibited. EE and EI cells exist in all frequency bands. According to this, one would expect that two concurrent pure tones (f l -f r ) would activate more cells than identical complex tones made of both frequencies f l and f r , which in turn will activate more cells than two identical pure tones of either frequency f l or f r (see Fig. 3 ). Our results on N100m amplitude variations agree with such an organization, which might also explain previous MEG 5, 19 and EEG 20 studies reporting smaller N100 for binaurally rather than monaurally presented pure tones. However, findings in the cat are strictly related to the primary auditory cortex. While a number of studies have shown some evidence that the N100m originates within Heschl's gyrus region, 21 which is considered to contain the human primary auditory cortex, other studies based on intracerebral recordings 22 have indicated that it might rather reflect activities of several regions of the auditory cortex, including Heschl's gyrus and the planum temporale.
Finally, a rather more speculative interpretation of the N100m behavior might also be put forward. In the main experiment, most subjects could hear two different sounds in conditions 1, 2, 8 and 9 (very different concurrent tones), and only one in conditions 3-7. Similarly, in the complementary experiment, one sound was perceived in conditions 1 and 2, while two concurrent sounds were perceived in conditions 4 and 5. In the case of identical twofrequency complex tones, subjects had difficulty in perceiving the frequencies separately. Hence, it may be suggested that specific and automatic processes engaged in the coding of multiple acoustic streams might account for the observed increase of the N100m response, even during passive listening as in the present experiments.
Further studies on binaural processing of acoustic streams should consider active listening situations for a better comparison with behavioral studies.
Conclusion
The N100m did not reveal strong inhibition of ipsilateral pathways during passive dichotic listening. Furthermore, an excitatory/inhibitory frequencydependent organization of the auditory cortex might account for the observed N100m amplitude variations. 
